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In	matrix	equation	form	it	can	be	written	as	
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These	can	also	be	transposed	to	
𝑥 = 𝐵′𝑥 + 𝑣	 	 	 	 	 	 	 	 	 	 							(7)	
and	
𝑥 = 𝐼 − 𝐵′ !!𝑣 	 	 	 	 	 	 	 	 	 							(8)		
or	simply	
𝑥 = 𝐺′𝑣 	 	 	 	 	 	 	 	 	 	 							(9)		





























































































































































































































































































































































































































































(mtCO2e)	 (15.9	mt)	 (38.3	mt)	 (47.3	mt)	 (121.9	mt)	 (100	mt)	(316	mt)	 (233	mt)	 (1081	mt)	 (3747	mt)	
Low		
(1.5	mt)	 11.0	 26.4	 32.6	 84.0	 68.9	 217.7	 160.8	 745.1	 2581.6	
Low-
middle		
(4.4	mt)	 3.6	 8.6	 10.6	 27.4	 22.5	 71.1	 52.5	 243.3	 843.0	
High-
middle		
(8.9	mt)	 1.8	 4.3	 5.3	 13.7	 11.3	 35.5	 26.3	 121.6	 421.5	
High		







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































(mtCO2e)	 (13.2	mt)	 (28.2	mt)	 (37.1	mt)	 (102	mt)	 (77.8	mt)	 (311	mt)	 (203	mt)	 (1280	mt)	 (3738	mt)	
Decile	1	
(13.2	mt)	 1	 2.1	 2.8	 7.6	 5.9	 23.5	 15.4	 96.8	 283.2	
Decile	5	




(37.1	mt)	 0.4	 0.8	 1	 2.7	 2.1	 8.4	 5.5	 34.5	 100.8	
Decile	10	
(101.1	


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































                                                                                                                                  
same	way,	and	the	remaining	2-3%	captured	by	other	countries	are	treated	as	though	they	have	
German	CO2	footprints.	These	scaled	values	are	then	summed	to	equal	the	average	CO2e	footprint	of	
a	vehicle.	
19	In	2015	for	example,	I	estimate	about	9%	of	the	cars	are	from	2015,	9%	from	2014,	about	5%	from	
2005,	about	1.5%	from	2000,	etc...  
20	For	example,	in	2015,	a	vehicle	in	the	U.S.	fleet	(which	now	includes	foreign	and	domestic	mix	and	
vehicles	produced	in	different	years)	is	estimated	to	have	required	26.8	mtCO2e	in	its	production.	
This	is	divided	by	15	years	to	yield	1.79	mtCO2e	per	vehicle	in	2015.	Each	vehicle	a	household	has	in	
2015	is	multiplied	by	this	amount.	
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6.1.2.5.4 Homes	
	
Home	down	payments	and	mortgage	outlays	present	a	similar	challenge	to	
vehicles,	in	that	houses	have	long	depreciation	periods,	current	year	emissions	
estimates	from	the	home	building	sector	do	not	necessarily	reflect	CO2	emissions	
used	in	an	older	house,	and	prices	may	not	correlate	well	with	CO2	emissions.	Prior	
studies	have	addressed	this	by	using	CO2e	per	square	foot	(35).	But	existing	
estimates	on	this	are	somewhat	out	of	date	now.	Additionally,	while	CES	data	
reports	the	number	of	rooms	in	the	primary	home,	which	could	be	used	for	square	
footage	estimates,	it	does	not	report	the	number	of	rooms	in	secondary	or	tertiary	
homes.		Since	I	am	particularly	interested	in	those	at	the	top	of	the	income	
distribution,	missing	expenditures	on	these	additional	homes	would	be	a	critical	
category	to	omit.	Instead,	I	do	the	traditional	multiplication	of	home	expenses	by	the	
CO2e/$	intensity	calculated	for	the	home	commodity	category.	The	last	two	studies	
on	the	U.S.,	Feng	et	al.	(28)	and	Song	et	al.	(29)	use	this	same	approach.	Weber	and	
Matthews	(38)	explored	both	methods	and	found	their	results	were	insensitive	to	
model	choice.		
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Fig.	6.5:	CO2e	intensity	(mt	CO2e	per	$1,000	(2020	USD)	for	each	income	group,	
in	2015.	
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